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© Thermal dye bleach construction. 



® A thermal-dye-bleach construction comprising a thermal nucleophile-generating agent in association with a 
styryl dye having a nucleus of general formula (I): 



H 3 C CH 



CM 
< 

CO 

o 



Q. 

LU 




representing the nucleus of a styryl dye in which 



R = methyl or ethyl group 
Y = alkoxy of 1 to 20 carbon atoms 
m = 1 or 2, 
n = 1 , 2, or 3, and 
x° = an anion 

The aromatic fused benzene portion of the indolenine ring may be further substituted with commonly acceptable 
dye substituents such as alky I and substituted alkyl (of 1 to 10 carbon atoms) groups, alkoxy groups (preferably 
of 1 to 10 carbon atoms), fused aromatic rings (as to make the benzene ring a fused naphthalene ring), halogen 
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This invention relates to a thermai-dye-bleach system and in particular to a thermal-dye-bleach system 
comprising a narrow class of styryl dyes and a thermal nucleophile generating agent, and the use of the 
system in photographic materials. 

The increasing availability and use of focused or laser light sources and particularly lasers which emit in 
the ultraviolet and blue region of the electromagnetic spectrum has led to a need for high quality 
photographic materials which are sensitive in this region, especially from 300 nm to 490 nm. 

In order to improve the image sharpness of photographic materials it is customary to incorporate a dye 
in one or more layers of the material, the purpose of which is to absorb light that has been scattered within 
the coating and would otherwise lead to reduced image sharpness. Dyes used for this purpose are known 
as antihalation dyes if incorporated in a separate backing layer or underlayer and as acutance dyes if 
incorporated into the light sensitive layer itself. 

It is usually essential that antihalation or acutance dyes should completely decolorize under the 
processing conditions of the photographic material concerned. In the case of photothermographic materials 
which are processed by simply heating for a short period of time at temperatures usually between 100'C 
and 200 *C, any antihalation or acutance dyes used must decolorize thermally. 

Various thermal-dye-bleach systems are known in the prior art including single compounds which 
spontaneously decompose and decolorize at elevated temperature and combinations of dye and thermal 
dye bleaching agent which together form a thermal-dye-bleach system. 

U.S. Patent Nos. 3,609,360. 3,619,194, 3,627,527, 3,684,552, 3,852,093, 4,033,948, 4,088,497, 
4,196,002, 4,197,131, 4,201,590 and 4,283,487 disclose various thermal-dye-bleach systems which absorb 
principally in the visible region of the electromagnetic spectrum and the near-infrared region. 

A variety of thermal base-generating agents are known and have been used in photothermographic 
materials. However, in most cases in which thermal base-releasing agents have been incorporated into 
photothermographic constructions in the prior art, the purpose has been to increase the alkalinity of the 
medium during thermal processing and to promote the development reaction. Thermal base-releasing 
agents have been used thus in photothermographic materials of both the diazo type and silver based 
materials. 

Patent 4,370,401 uses nitrate salts to bleach dyes of a different structure than the dyes of this invention, 
but including at least one styryl dye. Also it was found that bleaching of this nitrate system was seriously 
inhibited in the cellulose-acetate-butyrate binder system required to achieve acceptable adhesion to 
polyester. 

It has now been found that certain (blue-absorbing) yellow and UV-absorbing alkoxy substituted styryl 
dyes will substantially or completely bleach upon heating in the presence of thermal nucleophile-generating 
agents. 

According to the present invention there is provided a thermal-dye-bleach construction comprising a 
thermal nucleophile-generating agent in association with a class of alkoxy styryl dyes having a nucleus of 
general formula (I): 




representing the nucleus of a styryl dye in which 

R = alkyl groups of 1 to 20 and preferably 1 to 5 carbon atoms such as methyl or ethyl group, 

Y = alkoxy of 1 to 20 carbon atoms, preferably of 1 to 10 carbon atoms, 

m = 1 or 2, 

n = 1, 2, or 3, and 

X° = an anion 

The aromatic fused benzene portion of the indolenine ring system may be further substituted with 
commonly acceptable dye subslituents such as alkyl and substituted alkyl groups (of 1 to 10 carbon 
atoms), alkoxy groups (preferably of 1 to 10 carbon atoms), fused aromatic rings (as to make the benzene 
ring a fused naphthalene ring), halogen (including fluoro), cyano, nitro, carboxamido or amido. One or two 
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dimethoxybenzaldehyde azine; a combination of aliphatic carboxylic acid aryl hydrazides and ascorbic acid, 
such as 2,2-bis(hydroxymethyl)propionyl-beta-phenyl hydrazide in combination with ascorbic acid; a com- 
bination of polyhydroxybenzene and hydroxylamine, a reductone and/or a hydrazine, e.g., a combination of 
hydroquinone and bis(ethoxyethyl)hydroxylamine, ptperidinohexose reductone or formyl-4-melhylphenyl 
5 hydrazine, hydroxamic acids such as phenylhydroxamic acid, p-hydroxyphenyl hydroxamic acid, and beta- 
alanine hydroxamic acid; a combination of azines and sulfonamidophenols, e.g., phenothiazine and 2,6- 
dichloro-4-benzenesulfonamidophenol; alpha-cyanophenylacetic acid derivatives such as ethyl-alpha-cyano- 
2-methylphenylacetate, ethyl alpha-cyanophenylacetate; bis-beta-naphthols as illustrated by 2,2*-dihydroxy- 
1,1'-binaphthyl, 6,6'-dibromo-2,2'-dihydroxy-1 ,r-binaphthyl, and bis(2-hydroxy-1 -naphthyl)methane; a com- 

w bination of bis-beta-naphthol and a 1 ,3-dihydroxybenzene derivative, e.g., 2,4-dihydroxybenzophenone or 
2'4 , -dihydroxyacetophenone; 5-pyrazolones such as 3-methyl-1-phenyl-5-pyrazolone; reductones as illus- 
trated by dimethylamino hexose reductone, anhydro dihydro amino hexose reductone, and anhydro dihydro 
piperidone hexose reductone; sulfonamido-phenol reducing agents such as 2,6-dichloro-4-benzensul- 
fonamidophenol, and p-benzenesulfonamidophenol; 2-phenylindane-1,3-dione and the like; chromans such 

75 as 2,2-dimethyl-7-t-butyl-6-hydroxychroman; 1,4-dihydro-pyridines such as 2,6-dimethoxy-3,5-dicarbetoxy- 
1 ,4-dihydropyridine; bisphenols e.g., bis(2-hydroxy-3-t-butyl-5-methylphenyl)methane, 2,2-bis(4-hydroxy-3- 
methylphenyOpropane, 4,4-ethylidenebis(2-tert-butyl-6-methylphenol), and 2,2-bis(3,5-dimethyl-4-hydrox- 
yphenyl)propane; ascorbic acid derivatives, e.g., 1-ascorbylpalmitate, ascorbylstearate and unsaturated 
aldehydes and ketones, such as benzyl and diacetyl; 3-pyrazolidones and certain indane-1 ,3-diones. 

20 The literature discloses additives, "toners", which improve the image. 

Toner materials may be present, for example, in amounts from 0.1 to 10 percent by weight of all silver 
bearing components. Toners are well known materials in the photothermographic art as shown in U.S. 
Patent Nos. 3.080.254; 3,847,612 and 4,123,282. 

Examples of toners include phthalimide and N-hydroxyphthalimide; cyclic imides such as succinimide, 

25 pyrazoline-5-ones, and a quinazolinone, 3-phenyl-2-pyrazoline-5-one, 1-phenylurazole, quinazoline, and 2,4- 
thiazolidinedione; naphthalimides, e.g., N-hydroxy-1,8-naphthalimide; cobalt complexes, e.g., cobaltic hex- 
amine trifluoroacetate; mercaptans as illustrated by 3-mercapto-1 ,2,4-triazole, 2,4-dimercaptopyrimidine, 3- 
mercapto-4,5-diphenyl-1 ,2,4-triazole and 2,5-dimercapto-1 ,3,4-thiadiazole; N-(aminomethyl)aryl dicarbox- 
imides, e.g. (N-dimethylaminomethyl)-phthanmide, and N-(dimethylaminomethyl)naphthalene-2,3-dicarbox- 

30 imide; and a combination of blocked pyrazoles, isothiuronium derivatives and certain photobleach agents, 
e.g., a combination of N.N'-hexamethylene bis(l-carbamoyl-3,5-dimethylpyrazole), 1,8-(3,6-diazaoctane)bis- 
(isothiuronium trifluoroacetate) and 2-(tribromomethylsulfonyl)-benzothiazole); and merocyanine dyes such 
as 3-ethyl-5[(3-ethyl-2-benzothiazo!inylidene)-1-methylethylidene]-2-thio-2,4-oxazolidinedione; phthaiazinone, 
phthalazinone derivatives or metal salts or these derivatives such as 4-(1-naphthyl)-phthalazinone, 6- 

35 chlorophthalazinone, 5,7-dimethoxyphthalazinone, and 2,3-dihydro-1 ,4-phthalazinedione; a combination of 
phthalazinone plus phthalic acid derivatives, e.g., phthalic acid, 4-methylphthalic acid, 4-nitrophthalic acid, 
and tetrachlorophthalic anhydride; quinazolinediones, benzoxazine or naphthoxazine derivatives; rhodium 
complexes functioning not only as tone modifiers but also as sources of halide ion for silver halide formation 
in situ, such as ammonium hexachlororhodate (III), rhodium bromide, rhodium nitrate and potassium 

40 hexachlororhodate (III); inorganic peroxides and persulfates, e.g., ammonium peroxydisulfate and hydrogen 
peroxide; benzoxazine-2,4-diones such as 1 ,3-benzoxazine-2,4-dione, 8-methyl-1 ,3-benzoxazine-2,4-dione, 
and 6-nitro-1,3-benzoxazine-2,4-dione; pyrimidines and asym-triazines, e.g., 2,4-dihydroxypyrimidine, 2- 
hydroxy-4-aminopyrimidine, and azauracil, and tetrazapentalene derivatives, e.g. 3,6-dimercapto- 
1 ,4diphenyl-1 H f 4H-2,3a,5,6a-tetrazapentalene, and 1 ,4-di(o-chloro-phenyl)3,6-dimercapto-1 H,4H-2,3a,5,6a- 

45 tetrazapentalene. 

A number of methods have been proposed for obtaining color images with dry silver systems. Such 
methods include incorporated coupler materials, e.g., a combination of silver benzotriazole, well known 
magenta, yellow and cyan dye-forming couplers, aminophenol developing agents, a base release agent 
such as guanidinium trichloroacetate, and silver bromide in polyvinyl butyral); a combination of silver 

50 bromoiodide, sulfonamidophenol reducing agent, silver behenate, polyvinyl butyral), an amine such as n- 
octadecylamine and "2-equivalent" or "4-equivalenr cyan, magenta or yellow dye -forming couplers; 
incorporating leuco dye bases which oxidize to form a dye image, e.g., the leuco forms of Malachite Green, 
Crystal Violet and pararosaniline; a combination of in situ silver halide, silver behenate, 3-methyt-t- 
phenylpyrazolone and N,N'-dimethyl-p-phenylenediamine hydrochloride; incorporating phenolic leuco dye 

55 reducing agents such as 2-(3,5-di-tert-butyl-4-hydroxyphenyl)-4,5-diphenylimidazole, and bis(3,5-di-tert- 
butyl-4-hydroxyphenyl)phenylmethane; incorporating azomethine dyes or azo dye reducing agents; a silver 
dye bleach process, e.g., an element comprising silver behenate, behenic acid, polyvinyl butyral), poly- 
(vinyl-butyral)peptized silver bromoiodide emulsion, 2,6-dichloro-4-benzene sulfonamido phenol, 1,8-(3,6- 

7 
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The substrate with backside resistive heating layer may also be used in color photothermographic 
imaging systems such as shown in U.S. Patent. Nos. 4,460,681 and 4,374,921. 

Photothermographic emulsions of this invention can be coated by various coating procedures including 
dip coating, air knife coating, curtain coating, or extrusion coating using hoppers of the type described in 
5 Benguin, U.S. Patent No. 2,681,294. If desired, two or more layers may be coated simultaneously by the 
procedures described in Russell, U.S. Patent No. 2,761,791 and Wynn, British Patent No. 837,095. 

The present invention will now be illustrated in detail in reference to the following examples, but the 
embodiment of the present invention is not limited thereto. 

10 EXAMPLES 

In the following examples, dyes having two or three methoxy substituents on a common nucleus are 
shown. The common nucleus is 



20 




25 and the dyes in experimental examples will be defined by the position of attachment of the methoxy groups 
to the phenyl ring such as "2,4,5'' indicating a 2,4.5-trimethoxyphenyl group. The anion in all cases was 
perlluoro(ethylcyclohexanesulfonate). This anion is also referred to herein as "PECHS." 

Examples 1-12 

30 ■ 

Typical heat bleachable antihalation formulations were prepared as described below and in Table II. 
Solution A: A solution of Eastman cellulose acetate butyrate (CAB 381-20), Goodyear polyester (PE-200), 
2-butanone, toluene, and 4-methyl-2-pentanone was prepared. To this was added p-nitrophenylsul- 
fonylacetic acid where indicated (as in Experiments No. 7-12). 
35 Solution B: A solution of methoxy substituted styryl dye in methanol was prepared. 

Solution C: A solution of guanidine p-nitrophenylsulfonylacetate salt (thermal amine generator), methanol, 
dimethylformamide was prepared. 
The resulting polymer, dye, and amine generator solutions were combined and mixed thoroughly and 
coated onto a polyester base using a knife coater. The wet coating thickness was 3 mil (76 am). The 
40 coating was dried 4 minutes at 180'F (82 -C). The base can be a clear or white opaque polyester. On 
opaque polyester the following absorbances were obtained using a Hitachi reflectance mode spectrometer. 
Examples 1-6 contained no acid stabilizer. Examples 7-12 contained an acid stabilizer. 
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Example I-* 






EXDt. Nn. 


Dye 


Dmax 


vavelencr^h nTn 




1 


3,4,5- 


0.52 


425 


10 


2 


2,4- 


0.78 


450 




3 


2,3- 


0.40 


390 




4 


3,4- 


0.72 


445 


15 


5 


2,4,5- 


0.77 


487 




6 


2,4,6- 


1. 09 


460 
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Examples 7-12 (w^k 
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XPt. No, 


- Dve 


Dmax 


7 
8 
9 

10 
11 
12 


3,4,5- 
2,4- 
2,3- 
3,4- 
2,4,5- 
2,4,6- 


0.90 
1.48 
0. 90 
1.20 
1.10 
1.40 



length 
425 
450 
390 
445 
487 
460 



during oven drying. 9 ■»"«*»». Tn,s is *» to ,n>p,oved -pot tfc- and resislmce ,„ J,^,™ 

the following results: ^urements of absorbance of samples of Examples 2 and 8 gave 
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45 



Time 


| Example 2 Absorbance 


Example 8 Absorbance 


0 

1 week 
2 weeks 


0.78 
0.27 

0.06 j 


1.48 
0.36 
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II - Typical Aniii halation PoraulaH^ 
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Material 
Solution A: 

Eastman Cellulose Acetate Butyrate 
( CAB) 

Goodyear PE-200 Polyester 

2-butanone 

Toluene 

4-methyl-2-pentanone 

p-nitrophenylsulfonyl acetic acid 
(Acad) for dimethoxy dyes 

p-nitrophenylsulfonyl acetic acid 
(Acid) for trimethoxy dyes 

Solution r« 
Dye 

Methanol 



Solution r? 

Guanidine p-nitrophenylsulf onyl 
acetic acid salt - c,A, - 
(for dimethoxy dyes) 

Guanidine p-nitrophenylsulfonyl 
acetic acid salt - - 
(for trimethoxy dyes) 

Methanol 

Dime thy 1 f ormamide ( DMF) 



Without 
Acid vt. g 



0.4420 

0, 0059 
2.9637 
1.4410 
0.4830 
0. 0000 

0. 0000 



0. 0434 
1.5500 



0. 0584 

0. 0606 

2 .4000 
2.4000 



With 
Acid vt, g 



0.4420 

0.0059 
2.9637 
1.4410 
0.4830 
0.0121 

0.0126 



0.0434 
1.5500 



0.0584 

0.0606 

2.4000 
2.4000 
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Example 13 

Heat bleachable coatings with proportions similar to those of Example 2 may be prepared as follows: 
A solution of Eastman cellulose acetate butyrate (CAB 381-20), Goodyear polyester (PE-200), 2- 
butanone, toluene, and 4-methyl-2-pentanone is prepared. To this is added p-nitrophenylsulfonylacetic acid. 
A solution of methoxy substituted styryl dye in methanol is prepared. 

A solution of thermal nucleophile generator salt (thermal amine generator) C1-C5; At-Ag, methanol and 
dimethylformamide, is prepared. 

The resulting polymer, dye, and amine generator solutions are combined and mixed thoroughly and 
coated onto a polyester substrate using a knife coater. The wet coating thickness is 3 mil (76 urn). The 
coating is dried 4 minutes at 180 • F (82 * C). The base is a clear or white opaque polyester. 
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Anions 
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representing the nucleus of a styryl dye in which 



R = 
Y = 
m = 
n = 



alkyl group of 1 to 20 carbon atoms 
alkoxyof 1 to 10 carbon atoms 
1 or 2. 

1. 2, or 3, and 
an anion. 



thermal decomposition. y ° hberates one or ™re free amine groups upon 



<EP 0571906A2 J > 



14 



EP 0 571 906 A2 



4. A thermal-dye-bleach construction as claimed in anyone of Claims 1 to 3 in the form of a photother- 
mographic element comprising a support bearing an electromagnetic radiation sensitive photographic 
silver halide material, the element comprising as an antihalation or acutance agent the thermal 
nucleophile-generating agent and styryl dye. 

5 

5. A thermal-dye-bleach construction as claimed in Claim 4 in which the silver halide is primarily 
ultraviolet radiation sensitive. 

6. A thermal-dye-bleach construction as claimed in Claim 4 or 5 in which the antihalation layer contains 
io the styryl dye in an amount to provide a transmission optical density of at least 0.1 at the X max of the 

dye. 

7. A thermal-dye-bleach construction as claimed in anyone of Claims 4 to 6 in which the styryl dye is 
present in an amount in the range from 0.1 to 1.0 mg/dm 2 . 

15 

8. A thermal-dye-bleach construction as claimed in anyone of Claims 4 to 7 in which the photographic 
silver halide material is a photothermographic medium comprising one or two layers comprising silver 
halide in catalytic proximity to a light-insensitive silver salt, a binder, and a reducing agent for silver ion. 

20 9. A thermal-dye-bleach construction as claimed in anyone of Claims 1 to 8 which further comprises an 
acid. 

10. A thermal-dye bleach construction as claimed in Claim 9 in which the acid is the product derived from 
acidification of the anions selected from At to At: 
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© Thermal dye bleach construction. 



© A thermal-dye-bleach construction comprising a 
thermal nucleophile-generating agent in association 
with a styryl dye having a nucleus of general formula 
(I): 




CL R = methyl or ethyl group 

^ Y = alkoxy of 1 to 20 carbon atoms 

m = 1 or 2, 

n = 1 , 2, or 3, and 



x e = an anion 
The aromatic fused benzene portion of the in- 
dolenine ring may be further substituted with com- 
monly acceptable dye substituents such as alkyl and 
substituted alkyl (of 1 to 10 carbon atoms) groups, 
alkoxy groups (preferably of 1 to 10 carbon atoms), 
fused aromatic rings (as to make the benzene ring a 
fused naphthalene ring), halogen (including fluoro), 
cyano, nitro, carboxamido, amido, etc. One or two 
substituents chosen variously from said group may 
also be present on the phenyl ring to which the 
alkoxy group is attached. These substituents and 
their combinations should not be chosen so as to 
alter the absorption characteristics of the dye greatly 
enough to remove the maximum absorption from 
between 300 and 490 nm. 

X° may be any anion, but certain classes of 
anions and certain particular anions are preferred. 
Aromatic and perfluorinated anions and, in particular 
dodecylbenzenesulfonate and especially perfluoro- 
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(ethylcyclohexane sulfonate) are preferred on ac- 
count of their solubilizing power, but simpler anions 
such as iodide, chloride, bromide, methylsulfate, per- 
chlorate and the like may also be used. 
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